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INTRODUCTION. 
Life depends upon a  proper distribution of solutions  throughout 
the animal body.  This distribution  is  accomplished by the cardio- 
vascular mechanism.  Cardiac activity is therefore inseparably asso- 
ciated in our minds with life and all its manifestations.  The perma- 
nent stoppage of the heart is the paramount sign of death.  When 
the  circulation ceases  in  a  part  of  the  body,  that  part  is  dead;  it 
becomes necrotic.  _And  if it happens  now and  then,  that  evidence 
of distribution appears in a  part,  the known blood-vessels of which 
were occluded by thrombi or emboli, or experimentally by ligation, 
we are sure that this  has been accomplished by the ubiquitous  col- 
lateral circulation.  The marvelous efficiency of the mechanism of 
circulation is  actually so great and  so complete, thatthe possibility 
of the existence of other independent mechanisms for the purpose 
of distribution is rarely thought of.  The activity of the migrating 
phagocytes can not be considered as  such an  independent mechan- 
ism.  The value  of the  ameboid movements of these cells  consists 
essentially in their ability to  pick up  substances;  their actual  loco- 
motive power is  comparatively insignificant.  Their  importance as 
distributing agents the leucocytes derive essentially again  from the 
circulation which conveys them rapidly to distant parts of the body. 
The discovery of migration of tetanus toxin along the nerve fibers  1 
seemed, indeed,  to  present  such  an  independent mode of  distribu- 
tion; hence the interest that it aroused.  But here again we find the 
wide-spread  tendency among various  investigators  to  assume  that 
this migration takes place within the lymphatics of the nerve fibers; 
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in other words, again through a part of the circulatory system.  The 
assumption that this system is the only mechanism existing for the 
distribution in the interior of the body, seems also to preclude the 
idea  that  adjoining  sections  of  the  body may benefit  from local 
injections; for each injected solution has first to be conveyed to the 
heart in order to be distributed to  all  parts  of the body alike.  It 
was on this basis  that Filehne  2 ridiculed the belief of some oculists, 
that an injection of strychnin in the temple benefits first the vision 
of the eye of the corresponding side. 
While studying the question of migration of adrenalin along the 
nerves  ~ I came across certain phenomena which indicated the possi- 
bility of a distribution of solutions in the body even in the absence 
of the cardiovascular apparatus.  This started me on a  systematic 
study of the present problem, that is,  the distribution of solutions 
after eliminating the heaI:t's  action.  I  turned my attention to sub- 
stances which are capable of bringing out well defined vital reactions. 
Under these circumstances, I  had, of course, to study this problem 
on animals, the tissues of which survive for some time the elimina- 
tion  of  the  circulation,  i.  e.,  on  frogs.  Various  substances  were 
studied.  In  this  preliminary  communication,  however,  I  shall 
report briefly the results obtained with three substances, the action 
of each of which represents a separate type of effects.  These sub- 
stances  are:  adrenalin,  strychnin,  and  morphin. 
Method.--The  frogs  used were Rana pipiens and  Rana  clamitans,  the  species 
usually  employed  in  American  laboratories.  It  is  necessary  to  mention  this, 
because  various  species  respond  in  different  ways  to  some  alkaloids,  strychnin 
for  instance.  Our  method  was  simple.  After  exposing  the  heart  under  ether 
anesthesia,  a  ligature  was  firmly  applied  above  the  auricle,  and  the  ventricle 
was  cut  off;  the  abdominal  incision  was  then  closed.  This  method  has  the 
disadvantage,  that,  when  injections  are  made  into  the  abdominal  cavity,  some 
of the  inject'ed fluid may  escape  through  the  wound.  In  female  frogs  the  eggs 
in  conjunction  with  the  large  liver  seem  capable  of  completely preventing  any 
escape  of  the  fluid.  In  experiments  in  which  an  escape  of  the  solution  might 
throw  doubt  upon  the  validity  of  the  resulf,  in  adrenalin  experiments,  for 
instance,  the  conclusions  were  drawn  chiefly  from  injections  made  into  other 
parts  of  the  body.  In  another  method,  the  abdomen  was  not  opened,  but  with 
a  curved  needle,  thrust  through  the  intact  abdominal  wall,  two  ligatures  were 
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firmly  applied  around  the  heart,  one  just  below  the  clavicles  and  the  other 
about eight millimeters posteriorly to the first.  This method leaves the abdominal 
cavity intact,  and  furnishes,  as  a  rule,  very  good  results.  In  some  instances, 
however,  the  upper  vessels  of  the  heart  were  missed  by  the  ligature,  and  at 
autopsy  the  heart  was  found  still  beating.  Our  conclusions,  therefore,  were 
established in the  first place by the first mentioned method,  in  which  all circu- 
lation  was  definitely eliminated. 
The  use  of  ether  in  these  experiments  presents  in  some  instances  a  dis- 
turbing  factor,  since  after  removal  of  the  heart  the  animal  can  not  get  rid 
of the ether through the lungs in the usual manner.  This is a  disturbing factor 
in judging the onsei of a  depression or an  excitation.  In a  number  of experi- 
ments,  instead of using  ether,  the  brain  of  the  animal was  destroyed previous 
to  the  exposure  of  the  heart.  The  inhibitory  effect  of  this  operation  upon 
phenomena  depending  upon  the  normal  excitability of  the  spinal  cord,  was 
met  by  permitting  a  long  interval  to  elapse  between  this  operation  and  the 
exposure  of  the  heart.  However,  while  this  method  was  satisfactory  as  far 
as  excitation phenomena  were  concerned,  it  failed completely when  the  onset 
of the  depressing action of some substances had to be considered.  I  could not 
make  up  my mind to  expose the  heart  without  the  use  of  ether,  although  the 
experiment evidently requires  it.  I  tried to  meet the difficulty by  operating as 
quickly as possible and thus  reducing the amount  of the anesthetic given.  Then 
in  experiments  in  which  the  depressive action  has  to  be  observed,  some  time 
was  permitted  to  pass  afier  the  removal  of  the  heart  before  an  injection 
was given. 
It  is  an  interesting  fact  that  these  animals  do  awake  from  the 
ether  anesthesia.  This  was  especially evident  when  the  anesthesia 
was  somewhat  prolonged.  Soon  after  the  animal  is removed  from 
the board  and  put under  an open glass bell,  it may  even  stay on  its 
back  for  a  while  or  turn  over  and  sluggishly pull  up  its  legs,  and 
remain  sitting on  the  same  spot  with  its head  resting  on  the  table. 
Gradually, however,  it will wake  up  and  begin  to  jump  around  or 
against  the  transparent  glass  wall;  it  attempts  to  escape  with  the 
dexterity  of  a  normal  animal,  as  soon  as  it  discovers  an  oppor- 
tunity;  in  short,  it  acts  like a  normal  frog.  Apparently  the  ether 
escapes  gradually  through  the  skin,  which  it has to  reach,  not  as  in 
normal  animals  by  the  convenient  road  of  the  circulation,  but  by 
direct penetration of all the intervening tissues. 
EXPERIMENTAL  RESULTS. 
AdrenaIin.--A  few  years  ago  we  5  found  that  an  injection  of 
adrenalin  into  a  lymph  sac  of  a  frog  will  cause  a  characteristic 
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maximal dilatation of the pupils.  Furthermore, also  in an enucle- 
ated bulbus  of a  frog, when bathed with adrenalin,  the pupil  will 
dilate promptly.  Finally such  a  bulbus  responds  readily with  this 
reaction to adrenalin for many hours after the enucleation.  In this 
dilatation of the pupil I had then a sharp vital reaction to adrenalin, 
which is  capable  of surviving the removal of  the  heart  for many 
hours.  I began, therefore, the investigation of the problem in hand 
by studying the effect of injections of adrenalin into cardiectomized 
frogs upon the subsequent condition of their pupils. 
Results.--Many varied experiments were performed, but  I  shall 
give here only the general results, which are as follows:  When one 
cubic centimeter of adrenalin in the usual dilution  (I : IOOO) was 
injected  into  the  dorsal  lymph  sac  of  a  cardiectomized  frog  of 
medium size, sooner or later both pupils became dilated.  The dila- 
tation may have begun about thirty to forty minutes after the injec- 
tion  and  reached the  maximum in  sixty  to  ninety minutes.  The 
onset and development of the dilatation may have been considerably 
retarded  in  one  or  the  other  case,  depending  upon  a  variety  of 
conditions, but it has never failed entirely to make its final appear- 
ance.  As a rule, the dilatation occurred in both eyes simultaneously ; 
but there were some exceptions.  The injection into the dorsal sac 
was  given usually-through the muscles of one thigh,  for the pur- 
pose  of preventing the escape of  the solution.  It  then  happened, 
sometimes, that the pupil of the eye on the side through which the 
adrenalin was injected, became dilated before the pupil of the other 
eye.  When the injection was given into the lateral lymph sac, this 
preference of one pupil was  the  rule,  that  is,  the pupil  of the eye 
on the side into which the injection was given became dilated first; 
the dilatation of the pupil of the opposite side followed perceptibly 
later.  When  the  injection  was  given  into  the  abdominal  cavity, 
the  dilatation  of  the pupils  began  to  appear  sometimes as  late  as 
two hours after the injection.  If the injection into the cavity was 
given  through  one  of  the  flanks,  again  the  dilatation  usually ap- 
peared first in the pupil of the eye of the corresponding side. 
Injections into the legs brought, as a  rule, late dilatations of the 
pupils.  But  in  the cases  in  which only one  cubic  centimeter was 
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which only a  slight dilatation,  or even no dilatation  at all,  made its 
appearance.  In the vast majority of the cases, however, there  was 
a  definite,  even a  maximal,  dilatation.  But in  most of these  cases 
the pupil of one eye was more favored than  the other,  and it some- 
times happened that the pupil of the eye on the opposite side of the 
injected  leg  was  the  favored one.  When  one  cubic  centimeter  of 
adrenalin  was  injected  into  each,  the  dilatation  set  in  a  good  deal 
earlier,  appeared  always  in  both  pupils  simultaneously,  and  was 
generally  maximal. 
The  dilatation  of the  pupils  was  not  interfered  with by the  sec- 
tion  of one  or  both  of  the  sciatic  plexuses,  which  proves  that  the 
forward  migration  of  the  adrenalin  did  not  take  place  along  the 
nerve fibers. 
The dilatation  did not fail to appear even when the frog was sus- 
pended  by  the  head;  the  distribution  then  is  accomplished  even 
against  gravity.  However, gravity is  apparently  capable  of exert- 
ing a  favorable  influence  upon the  process of migration,  for  in  all 
instances  in which the head of the animal  was kept lower than  the 
body, the dilatation  set in unmistakably earlier. 
In  a  few  instances,  cardiectomized  frogs  were kept  wrapped  in 
moist filter paper  for twenty-four hours  and  longer,  at  a  low tem- 
perature  in  the  refrigerator.  Even the  pupils  of the  eyes of these 
animals  seemed sometimes to be capable of still responding  moder- 
ately to  an injection  of adrenalin.  Here,  however,  another  device 
proved  to  be  much  more  efficient.  After  enucleation  of  the  eyes 
of  these  animals,  fresh  bulbi  from  normal  animals  were  inserted 
into the orbits, the anterior surface of the bulbus touching the inside 
of  the  orbit.  Two  hours  after  an  intra-abdominal  injection  of 
adrenalin  into  the  cardiectomized  frogs  from  the  refrigerator,  the 
pupils of these alien eyes became dilated as if they had been directly 
bathed  with  adrenalin.  Furthermore,  when  these  bulbi  were 
removed and substituted by new fresh eyes, the pupils of these eyes, 
too,  became  dilated  in  less  than  an  hour.  This  shows  that  there 
was in the orbit a quantity of adrenalin  sufficient to dilate the pupils 
of several eyes. 
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ments the dilated pupils of the cardiectomized frogs became again 
gradually smaller. 
Besides the dilatation of the pupil, an injection of adrenalin into 
a normal frog causes also a secretion of mucus from the skin (Ehr- 
mann)fi  In my experiments, when an  injection of adrenalin was 
given into the dorsal lymph sac of freshly cardiectomized frogs, a 
definite secretion of mucus began  to  take  place,  in  spots,  on  the 
back and to the side of the animal, soon after  the injection.  The 
secretion  seemed to  spread  forward  from  the  posterior  end.  In 
frogs which were kept in the refrigerator  for  twenty-four hours, 
an  injection of  adrenalin dfd not produce such a  secretion.  The 
secretion  of  the  freshly  cardiectomized  animals  was  apparently 
produced by the stimulation of the still living secreting cells of the 
skin  by  the  adrenalin,  while  spreading  through  the  lymph  sacs. 
After twenty-four hours, these secreting cells are apparently dead 
and do not respond to such stimulation. 
These experiments brought definite evidence that even after com- 
plete exclusion of the cardiovascular mechanism, adrenalin is cap- 
able of spreading through the entire body of the animal in a  com- 
paratively short time, causing specific vital reactions of tissues with 
which it comes in contact while wandering through the body.  In 
passing  from  one  lateral  lymph sac  to  the  iris  of  the  eye  on the 
opposite side, or in passing from the abdominal cavity to either of 
the eyes, the adrenalin has to pass through various solid membranes 
and voluminous tissues.  Surely it could not pass them by diffusion 
alone.  It  migrates  against  gravity.  It  migrates  in  an  animal  in 
which there  is  no sign of  movements capable  of  assisting  in  the 
forward movement.  In animals which have been in the refrigera- 
tor for forty-eight hours, there are surely no ciliary movements or 
other cell activity to help along the wandering solution. 
It  will not be  amiss to  state here that the removal of the heart 
means,  indeed,  the complete removal of  the  entire  cardiovascular 
system.  The  lymphatics help  the  distribution  by  emptying their 
contents  into  the  veins.  The  same  is  the  case  with  the  lymph 
hearts; they take up lymph during their diastole and empty it into 
a  vein during the systole.  Lymph hearts can not assist in the dis- 
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tribution  of  solutions,  except  as  aids  to  the  cardiac  circulation. 
When the heart is  ligated  and cut out,  the activity of the  cardio- 
vascular apparatus,  including lymphatics and lymph hearts, is com- 
pletely eliminated. 
Strychnin.--After  the  experience  with  the  effect  of  adrenalin 
upon the iris,  a  tissue  which survives  the cardiectomy for a  good 
many hours,  I  began  to  study the  effect of  substances  which  are 
capable of bringing out well defined reactions by their stimulation 
of  the  central  nervous  system,  especially  the  spinal  cord.  This 
organ evidently loses its  irritability only gradually after the elimi- 
nation of the  cardiac circulation.  As  stated  already,  immediately 
after  cardiectomy, i.  e.,  when the  animal  is  out  of  the  effects of 
ether,  it  jumps  and  acts  like  a  normal  frog.  Soon,  however,  it 
becomes quiet and does not jump away when the opportunity pre- 
sents itself.  It still holds its head up and turns over rapidly when 
put on its  back.  Gradually the head goes  down on the  table,  the 
movements become sluggish,  the legs are pulled  in only half way, 
and the animal makes an unsuccessful attempt  to  turn  over when 
put  on  its  back.  Soon after this,  no  attempt  is  made,  the  animal 
responding  sluggishly  to  stimulation,  the  legs  remaining  in  any 
position  in which they are put,  and no sign of a  voluntary motion 
can be observed.  Finally also,  all signs of reflex irritability disap- 
pear.  The duration of the survival period varies with the tempera- 
ture;  at  a  higher  room  temperature  the  end  might  come  after 
thirty minutes, at low temperature, however, reflex irritability may 
survive  the  cardiectomy for  15o  minutes.  I  may  say  positively 
that  in these control animals  with mere cardiectomy, there was  at 
no time a  sign of increased reflex irritability--unless,  in  addition, 
the brain was destroyed. 
Strychnin is, of course, the most appropriate substance for bring- 
ing out unmistakable signs  of a  stimulating action upon the cord. 
A  number of different experiments were made with this substance, 
of which I  shall record here only the general results. 
An injection of one or two milligrams of strychnin in any part 
of  the body  of  a  medium sized  freshly cardiectomized  frog does 
not  fail  to  bring  out  a  characteristic  hyperexcitability.  In  many 
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the injection.  It begins with a slight hyperesthesia, which increases 
gradually to  a  state  in  which each  touch brings  out a  tetanic re- 
sponse, until finally the animal is lying continuously stretched out, 
having  very  frequent  spontaneous  violent  tetanic  attacks,  lasting 
many seconds.  Gradually the duration and the  frequency of  the 
attacks diminish until the animal dies.  Without exception, animals 
receiving moderate doses of strychnin survive the controls by one or 
two hours, or even longer. 
When large doses of strychnin are injected, for instance, twelve 
or fifteen milligrams, one of two  things may happen.  Either  the 
cardiectomized  frog  gets  spontaneously  a  very  violent  tetanus 
within a  few minutes after the injection; in this case, which usually 
occurs when the strychnin is given into the dorsal lymph sac,  the 
tetanic attacks become rapidly weaker and the animal becomes pro- 
gressively paralyzed.  Or, very soon after the injection, the animal 
becomes  strikingly  depressed  and  semiparalyzed;  gradually  how- 
ever,  definite  but  ineffective  signs  of  increased  reflex  irritability 
become manifest, breaking inefficiently through the paralysis of the 
animal.  This form of effect occurs, as a  rule, when the injection 
was made into the abdomen.  In either case, however, these animals 
die invariably sooner than the control frogs. 
In  animals  of  the  second  class,  which  usually  received  the  strychnin  intra- 
abdominally, it happens  that  some of the strychnin  escapes through  the sewed-up 
incision.  In  one  such  instance,  a  control  frog  was  placed  near  the  strychnin 
animal; after a  while we were confronted with this remarkable  sight: the control 
frog  was  having violent tetanic  attacks,  while  the  animal  with  the  large  doses 
of  strychnin  in  iis  abdomen  was  paralyzed  and  dying.  The  explanation  is  that 
the  escape  of  strychnin  on  the  table  entered  through  the  wound  of  the  control 
animal  in  a  quantity  sufficient  to  produce  tetanus  but" not  enough  to  cause 
paralysis. 
We thus see that in cardiectomized frogs strychnin is capable of 
producing, by smaller doses, a  well defined tetanus,  and by larger 
doses also,  or predominantly, a  paralysis,  exactly as in  frogs with 
a  normal circulation, except that in the cardiectomized frogs larger 
doses have to be administered. 
That  the  paralysis  produced by  strychnin  is  of  central  origin, 
and not due to  fatigue Of the muscles from the preceding tetanus, 
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which the paralysis predominated  from the  start,  and  in which at 
no time a  real tetanus occurred which could cause fatigue. 
These experiments furthermore effectively dispose of the theory 
of Verworn  7 regarding the nature of the strychnin paralysis.  Ver- 
worn  and  his  pupils  maintain that  the  paralysis  is  not  due  to  a 
primary action of strychnin upon  the  nerve  cells  of  the  cord,  but 
is due only to asphyxia which is being brought about by the paralys- 
ing  action  of  strychnin upon  the  heart.  This  view  of  Verworn 
caused a  great deal of discussion.  The experiments on the  cardi- 
ectomized frogs show conclusively that moderate  doses  of strych- 
nin are capable  of causing prolonged violent attacks of tetanus  in 
the  complete absence of any circulation, and that only large  doses 
of  strychnin  cause  paralysis.  The  paralysis,  therefore,  can  not 
be due to the absence or paralysis of the heart; it is due to a  direct 
paralysing action of strychnin upon the nerve cells. 
The action of strychnin upon the motor nerve endings  (Richet, 
Vulpian)  has not yet been sufficiently studied to permit here a  defi- 
nite statement on that subject, s 
Morphin.--The  observations made with adrenalin and strychnin 
show that these substances become distributed throughout the body 
of the cardiectomized frogs and that they produce qualitatively in 
these animals the same kind of effects that they produce in animals 
with a  normal  circulation.  The  experiments  with  morphin,  how- 
ever, revealed a  remarkable aspect of the action of some substances 
upon  cardiectomized  frogs.  When  ten  to  fifteen  milligrams  of 
morphin  are  introduced  into  any  part  of  a  normal  frog  and  the 
animal  is  observed  for  hours,  no  definite  effect  can  be  noticed. 
After two  or  three days, however,  such  an  animal may develop a 
definite tetanus.  However,  when a  dose of only five or  six milli- 
grams is injected into the lymph sacs or the abdominal cavity of a 
cardiectomized frog of medium size, the animal shows definite tetanic 
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attacks  thirty  or  forty  minutes  after  the  injection.  After  doses 
of ten or fifteen milligrams, the animal develops at first a depression 
and  considerable  relaxation;  the  animal  may  come  to  lie  on  its 
abdomen with its head on the table and its legs relaxed and in any 
position.  When turned on its back, it may remain in this position 
without even attempting to turn over.  Suddenly the animal seems 
to  assert  itself.  It  turns back with  great  rapidity,  it  jumps  away 
when it is touched, otherwise it sits on one spot with its legs pulled 
in and its head raised.  Gradually a  strong hyperesthesia develops 
which  terminates  with  complete  tetanus.  Such  morphinized  ani- 
mals can not be distinguished from frogs which received strychnin. 
When a  cardiectomized frog of medium size  receives about  thirty 
milligrams  of  morphin,  a  strong  depression  and  a  semiparalysis 
develop early from which the animal is practically unable to recover ; 
but  this  paralysis  does not conceal completely the development of 
a  hyperexcitability.  During  this  state  a  touch  of  the  prostrated 
animal  may  bring  out  suddenly  a  brisk  short  movement  of  one 
hind  leg  or  of  both,  which  result,  however,  can  not  be  obtained 
again  for  a  minute  or  two.  Such  repeated  stimulations  seem  to 
hasten the death of the animals. 
We  see  here,  then,  the  remarkable  fact  that  in  a  frog without 
circulation  tetanus  may be  brought  on  by  morphin  incomparably 
more rapidly  and  with  greater effect than  in  a  frog with  normal 
circulation, and this even with a smaller dose.  Furthermore, a  dose 
of morphin which causes practically no depressing effect upon nor- 
mal frogs produces rapidly a profound depression and semiparalysis 
upon  cardiectomized  animals.  In  other  words,  the  distributing 
mechanism of the cardiectomized animal acts in the case of morphin 
more promptly and  efficiently than  the  cardiovascular mechanism. 
This is surely an unexpected and most remarkable result. 
The most plausible explanation  of this  surprising  fact seems to 
me to be that the normal circulation receives a variety of secretions 
from all parts of the body, which are capable of neutralizing, modi- 
fying, and retarding the effects of any single substance taken up by 
the circulation.  In the absence of  the centralizing activity of the 
cardiac  circulation,  the  specific  action  of  the  injection  substances 
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not being interfered with.  In the case of morphin, we may assume 
that  the circulating blood contains  a  secretion  from one organ  or 
from several organs, which is capable of modifying its actions upon 
the central nervous system.  In the absence of the  circulation,  the 
organs in question stop their secretion and the morphin is permitted 
to  display  its  specific  action  without  outside  interference.  This 
hypothesis has the advantage of being amenable to a test. 
DISCUSSION. 
The foregoing experiments bring out two facts of a general char- 
acter:  (I)  Animals possess  a  mechanism which is  capable of  dis- 
tributing soluble substances through the entire body in the complete 
absence of circulation.  (2)  Some substances,  when distributed by 
this  mechanism,  act  even  more  rapidly  and  efficiently than  when 
distributed by the cardiovascular mechanism. 
In contradistinction to the centralizing cardiovascular apparatus, 
I  shall designate the mechanism which attends to the distribution in 
cardiectomized animals as a peripheral one.  I  shall not enter into a 
particular  discussion of the  forces which are active in  the process 
of distribution by this mechanism.  I  have already pointed out that 
gravity can not play an essential part in it.  The movements which 
zoologists make responsible  for the distribution  of the mesolymph 
in the lower animals without a  circulatory apparatus  can not be  a 
factor  in  our  mechanism,  as  the  distribution  takes  place  also  in 
perfectly  motionless  animals.  Neither  can  ciliary  or  other  cell 
activities have anything to do with migration of the solutions, since 
the distribution is efficiently accomplished also in animals dead and 
refrigerated for forty-eight hours.  The forces which are concerned 
in the distribution are probably diffusion and osmosis  and perhaps 
also imbibition, capillarity, surface tension, or even chemotaxis. 
More important,  for the present,  is the question of the paths by 
which  the  peripheral  distribution  takes  place.  When  the  heart  is 
ligated and excised, all motion in the arteries, capillaries, and veins 
stops, and none of the contents of the veins can pass into the arter- 
ies and capillaries and thus to distant tissues.  As to the lymphatics, 
their function consists in carrying the lymph from the tissues to the 
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is evident that in cardiectomized  animals  the lymphatics can render 
no service in the process of distribution  of tissue lymph•  By what 
path,  then,  is  the  injected  fluid  distributed  in  the  cardiectomized 
animals ?  For  those  who have  learned  to  distinguish  between the 
lymphatics  and  lymph  spaces,  it  is evident that  in animals  without 
circulation  the  distribution  can  take place only through  the  lymph 
spaces.  However,  self-evident  as  this  distinction  may  be,  that 
conception  has  not  yet  become  common  property.  Fifteen  years 
ago we  9 called  attention  to the  incongruities  which  followed  from 
"the  general  practice  of  confounding  the  lymph  spaces  with  the 
lymphatics•"  "The  so-called  lymph  spaces  are  those  .  .  .  inter- 
stices of all kinds  naturally  present between the elements  or group 
of elements of the tissues of the entire body.  They are of variable 
shape  and  size•"  "...  all  these  spaces  are  more  or  less  com- 
pletely connected  throughout  the  entire  body and  present  a  unity. 
•  .  .  "  We brought  forward  reasons  " for considering  the  lymph 
spaces  as  an  independent  system  ....  "  We  tried  to  show  that 
the nature of the fluid in the lymphatics differs essentially from that 
which is present  in the lymph spaces.  We therefore  discarded  the 
terms  "lymph  spaces"  and  "lymph"  and  suggested  instead  the 
terms "instertitial spaces" and "tissue fluid." 
I  shall  now  adopt  the  term  "tissue  spaces,"  which  is  used  by 
some  histologists  and  physiologists.  In  the  past  fifteen  years,  a 
great  deal  of  histological  and  embryological  work  has  been  done 
which  establishes  clearly  the  difference  between  lymphatics  and 
tissue spaces histologically as well as genetically•  I  need only refer 
to the valuable work done in this country by Mall  and his  colabor- 
ers,  by MacCallum,  and  by Huntington.  Fascinating  are  the  im- 
portant  investigations  of  Sabin,  which  show  the  venous  origin  of 
the  lymphatics.  Physiologically,  however,  no  progress  has  been 
made in that  direction and we are  still  confronted  with  statements 
in the literature  of physiology or experimental  pathology,  or made 
in public  discussions,  which  indicate  that  the  fundamental  distinc- 
tion  between  lymphatics  and  tissue  spaces  has  not  yet  become 
general. 
In the present  series of experiments  we brought  forward unmis- 
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takable physiological evidence that solutions may spread and spread 
even  fairly rapidly and effectively through  an animal body which 
has been deprived of all circulation.  This distribution of solutions 
in  such an animal  can be  accomplished only by way of the  tissue 
spaces.  This  is  a  fair physiological proof  of  our  contention that 
the tissue spaces present a unity, an independent system. 
It seems to me that this system of tissue spaces, which serves as 
a basis for the peripheral mechanism of distribution in animals after 
they  are  deprived  of  their  circulation,  serves  probably  also  as  a 
distributing system in living animals which do not possess  a  circu- 
latory  apparatus.  The  peripheral  mechanism  might  therefore 
possess phylogenetic significance, and I  may, perhaps,  be permitted 
to  express  the meaning of my observations in  the  following man- 
ner:  animals  which gradually acquire  a  complete centralizing  cir- 
culatory apparatus  never lose completely the  primitive mechanism 
for distribution;  during normal life it  is overshadowed by the all- 
powerful central apparatus  and becomes manifest only in the com- 
plete absence of the latter,  but  perhaps  also  when the efficiency of 
the central mechanism is only reduced. 
The contrast between the circulatory apparatus and the peripheral 
mechanism,  which  has  been  touched  upon  before,  ought  to  be 
especially emphasized.  The circulatory apparatus  distributes  with 
great rapidity all  specific secretions and juices  from every part of 
the body to every other part.  It thus neutralizes many antagonisms 
and  reduces greatly the  specificity of the activities  of  the  various 
organs.  It  unifies  all  specific activities  for one  common purpose: 
the welfare of the sum of all  the organs and tissues.  The cardio- 
vascular circulation is a strong centralizing government which keeps 
down as much as  possible  the autonomous tendencies of  the  indi- 
vidual organs and parts  of the body.  The mechanism of distribu- 
tion by way of the tissue spaces is  far from being capable of exer- 
cising such a  central power.  By the virtue of the slowness of the 
distribution and by the  fact of not possessing private roads  for it, 
it is  able in  a  very small degree only to unify the activities of the 
various organs.  I  have already designated the  mechanism  of dis- 
tribution  by  the  tissue  spaces  as  peripheral,  in  the  first  place  on 
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that the distribution occurs apparently essentially through the lymph 
spaces  of  the peripheral  parts  of  the  body.  On  the  basis  of  the 
foregoing analysis, we may now say that the peripheral mechanism, 
in contrast to the centralizing circulation, favors,  in the first place, 
the autonomous activities of organs, that is, one organ may develop 
its  activities to  a  greater degree than is  allowed under the rule of 
the central circulation, without interfering or being interfered with 
too  much  by  other  organs.  In  the  second  place,  it  favors  local 
action,  i.  e.,  a  secretion  or  an  injection  into  one  territory  may 
affect this or a  neighboring territory to a  much greater degree than 
distant  territories;  for  instance,  a  limited  quantity  of  adrenalin 
injected into  a  lateral lymph sac may affect the  pupil  on the  cor- 
responding side not only sooner, but also to  a  greater extent,  and 
may perhaps even be confined exclusively to this side. 
Our  experiments  so  far  have  actually  demonstrated  only  the 
existence of such a peripheral mechanism which favors autonomous 
action and local effects only in the complete absence of the central 
circulation.  Can it be active also in the presence of the circulation? 
So  far  we  have  no  evidence which will  permit  us  to  answer this 
question affirmatively in a positive manner.  But we may claim that 
such  an  assumption  is  at  least  permissible.  Assumptions  to  that 
effect may be made in  several ways.  In the first place  it  may be 
assumed  that  the peripheral  mechanism is  practically  in  action to 
some degree in all normal instances,  that is,  the central circulation 
does not suppress  completely the autonomous and local activity of 
the peripheral mechanism.  A  closer experimental study of the sub- 
ject may reveal this  vestige of  activity.  It  may,  for instance,  be 
correct that  an  injection of strychnin in  the temple will  favor,  in 
the first place,  the vision  of the eye on the same side,  just  as  the 
adrenalin  in  cardiectomized  frogs  favors  the  pupil  next  to  it. 
Filehne's negative view came from his failure to distinguish between 
lymphatics and lymph spaces  (tissue spaces). 
In the second place, the peripheral mechanism may be normally 
active to a somewhat greater extent in all parts in which the circula- 
tion  is  normally  not  extensive.  I  need  not  speak  of  the  cornea 
which  has  no  circulation  at  all;  there  the  distribution  occurs  ex- 
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spaces.  I  have in mind rather the central nervous  system,  which, 
according to the best anatomical authorities, has no lymphatics, and 
where also the normal exchange of fluid material through the blood 
capillaries appears  to be restricted, at least in comparison with the 
exchange in other tissues.  Here the peripheral mechanis'm  may  be 
normally active and may be the means of favoring autonomous and 
local activities of the central nervous system.  A  study of the vari- 
ous phases of the activities of the central nervous system from this 
point of view may perhaps be the means of throwing new light on 
some old questions. 
I have also in mind the migration of tetanus and diphtheria toxin 
along the nerves.  The nerves are only poorly provided with blood- 
vessels and lymphatics.  The peripheral mechanism, i.  e.,  the trans- 
mission  of fluid through the  tissue  spaces  of nerves may perhaps 
be  normally  an  active  agent.  The  migration  of  tetanus  toxin 
through  the  axis  cylinder  means  here  migration  through  tissue 
spaces and is in a  sense not specific.  In the discussions of this sub- 
ject,  frequently no  distinction  has  been made between lymphatics 
and lymph spaces. 
Furthermore,  the  peripheral  mechanism  might  become  promi- 
nently active  when,  under pathological  conditions,  the  circulation 
is abolished or reduced in a  part of the body.  Here we may think 
of the conditions which follow the slow occlusion of a  vessel by a 
thrombus and perhaps  also the rapid  occlusion by an embolus.  It 
is  possible  that  under  these  conditions  the  peripheral  mechanism 
takes an active share in the necessary local exchange of lymph be- 
tween the  devascularized  area  and  the  surrounding  normal  terri- 
tories,  at  least  during  the  transitional  period  before  the  develop- 
ment  of  the  collateral  circulation,  and  perhaps  also  during  the 
establishment of an insufficient collateral circulation.  It  will have 
to be a  matter of  future investigation how much of that  which is 
currently ascribed to the activity of a  collateral circulation is  actu- 
ally due exclusively to a central mechanism and not to the action of 
the peripheral mechanism. 
Finally,  the  service of  the peripheral  mechanism may be  called 
into  play  also  when  the  general  circulation,  for  one  reason  or 
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carried off by the blood capillaries and the lymphatics is then carried 
further through the system of tissue spaces.  When the impediment 
of the circulation is too great and the system of tissue  spaces be- 
comes overloaded with lymph, we have then the picture of general 
edema and anasarca. 
SUMMARY. 
Strychnin and adrenalin when injected into cardiectomized frogs 
are efficiently distributed all over the animal body and when admin- 
istered in sufficient quantities produce the usual reactions of these 
alkaloids. 
The  experiments with strychnin prove positively that the para- 
lysing effect of this poison is due to its direct action upon the nerve 
cells  of  the cord,  and  not,  as  Verworn  assumes,  to  a  paralysing 
action upon the heart. 
When  morphin  is injected  into  cardiectomized  frogs  the  effects 
are  much greater and incomparably  more rapid  than when admin- 
istered to a normal frog.  The normal circulation probably contains 
substances  derived  from  some  organs  capable  of  modifying and 
retarding the specific effects of morphin. 
The distribution of solutions in animals deprived of their circu- 
latory apparatus takes place through the tissue spaces,  which pre- 
sent  a  more  or  less  well  connected  system  of  communications 
throughout the entire animal body, especially through its peripheral 
parts.  This  mode  of  distribution  is  designated  as  the  peripheral 
mechanism.  In  contrast  to  the  centralizing  cardiovascular  appa- 
ratus,  the peripheral  mechanism permits  a greater autonomous  ac- 
tion of organs and a more localizing  effect of injections. 
The peripheral mechanism found to be active in animals deprived 
of their circulation is probably identical with the mechanism which 
serves for distribution of the mesolymph in living animals not yet 
possessing a circulatory apparatus.  The existence of the peripheral 
mechanism in  animals  with  a  cardiovascular  apparatus  possesses 
probably a  phylogenetic significance. 
It  is  assumed that  the  activity  of  the peripheral  mechanism is 
probably not completely suppressed even in the presence of a  nor- 
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logical influence in parts in which the circulation is normally some- 
what difficult; and that it unfolds an activity in pathological condi- 
tions in which the circulation has been eliminated or reduced in some 
parts of the body,  or in which the energy of the entire circulation 
has been reduced. 